Objectives: This study aimed to investigate Salmonella Enteritidis strains isolated from human and food sources in the north of Morocco by means of phenotypic and genotypic methods. Methodology: Fifteen isolates from humans and food were submitted to phage typing, XbaI-macrorestriction (pulsed field gel electrophoresis [PFGE]), enterobacterial repetitive intergenic consensus (ERIC-PCR), antimicrobial susceptibility testing, and PCR assay targeting the spvR and invA genes. Results: Six fingerprinting profiles were obtained with the ERIC-PCR method, four with PFGE profiling, five with antimicrobial resistance, three with phage typing, and only one with plasmid profiling. spvR gene was detected in six strains, which did not harbour plasmids of 90 kb. Conclusions: The conclusions of this study are drawn from a limited number of isolates. It would be desirable to investigate a greater and more diverse population of Salmonella isolates. S. Enteritidis was genotyped and showed four different patterns by PFGE and six by ERIC-PCR. Accordingly, high genetic similarity and limited genetic diversity were found for these strains from north of Morocco.
Introduction
Salmonella Enteritidis is widely recognized as a major cause of food-borne gastroenteritis in humans and has been isolated from cases of human diseases in increasing numbers worldwide [1] . Animals and their products, particularly chicken, meat and eggs, are considered to be major sources of human infections caused by this pathogen [2] .
Prior to 1988, Salmonella enterica ser. Typhimirium was more commonly isolated than Salmonella Enteritidis; however, in recent years, S. Enteritidis has been the most common serotype isolated from food and has been particularly responsible for the overall increase in Salmonella infections in humans [3] .
The investigation of phenotypic and molecular profiles can provide the epidemiological characterization of Salmonella strains, and can help elucidate their cycle of transmission [4] . However, to achieve a higher confidence level on the results, epidemiological tracing should be based on the association of independent genotypic and phenotypic characteristics [5] .
Phage typing and antimicrobial resistance profiles are phenotypic properties that have been used worldwide [6] , usually in association with a number of nucleic acid-based typing methods that have been proposed for typing bacteria [5] . Another approach is the analysis of fragment patterns obtained by macrorestriction and separated using the pulsed field gel electrophoresis (PFGE) technique. Since its development, PFGE has become the method of choice to determine the relationship of Salmonella strains and to assess the distribution of clonal strains. Very recently, the use of PFGE with endonuclease XbaI has been widely recognized as a sensitive means of fingerprinting Salmonella serovars and has become a reference method [4] .
However, more information can be gathered by analyzing plasmids from the isolates or chromosomal DNA by different molecular techniques, such as ERIC (enterobacterial repetitive intergenic consensus), REP (repetitive extragenic palindromic), random amplified polymorphic DNA analysis (RAPD), IS 200 typing and ribotyping, and restriction fragment length polymorphism (RFLP) [7] . Among the molecular methods for typing bacteria, the ERIC genomic fingerprinting has been found to be extremely reliable, reproducible, and rapid; furthermore, it offers high discrimination [8] .
The virulence properties of various serovars, S. Typhimurium, S. Choleraesuis, S. Dublin, and S. Enteritidis, depend on the presence of large plasmids 65-100 kb in size to cause systemic infection [9] . The virulence of Salmonella is linked to a combination of chromosomal and plasmid factors. The chromosomally located invasion gene invA has been thought to trigger the invasion of Salmonella into cultured epithelial cells, while an operon spv RABCD, containing five genes, is present on plasmids. The spv operon (spv ABCDR) is involved in resistance to macrophage damage and is considered important for the virulence of Salmonella. Furthermore, the spvR gene has been targeted in PCR assays in order to characterize Salmonella strains [10] .
In Morocco, an epidemiological study of Salmonella in Rabat between 1990 and 1997 showed an important increase of isolated cases since 1994 with maximum case detection in 1996. The prevalent serotypes identified were S. Enteritidis, which represented (56.54 %) of the total of the isolated strains [11] . The rise of S. Enteritidis infections was linked to the explosion of food-related outbreaks. The most predominant serotypes detected in Morocco, as in most developed countries, were S. Enteritidis and S. Typhimirium [12] . The serotypes isolated in a university hospital in Casablanca between 1994 and 2002 were S. Typhumurium (53.6 %), S. Enteritidis (44 %) and S. Agona (2.4 %) [13] .
In the present study, we examined strains of Salmonella Enteritidis isolated from patients with acute diarrhoea and from food collected and received for diagnosis in the Pasteur Laboratory for their phenotypic and genetic diversity.
Materials and Methods

Specimen collection and isolation of S. Enteritidis
A total of 100 diarrhoeal samples were collected from patients attending the five medical centres and one regional hospital involved in this study and recruited in the Pasteur Institute of Morocco. The 100 clinical isolates were from the faeces of patients with sporadic cases of gastroenteritis admitted to the various hospitals. Most of the patients were of low or middle socioeconomic status. The samples were collected between February 2005 and August 2006. All samples were inoculated into Selenite broth and on Salmonella-Shigella (SS) and Hektoen agars. Hektoen and SS were incubated at 37°C for 18 to 24 hours, and Selenite broth at 37°C for 12 to18 hours. After incubation, Selenite broth was inoculated in SS agar and Hektoen at 37°C for 18 to 24 hours [14] .
In addition, food samples collected from many markets in the region of Tangier were analyzed. A total of 432 samples were aseptically collected on a random basis from different localities (different markets) in north Morocco. All the samples were placed in sterile plastic bags and immediately taken in a container containing ice cubes to the laboratory for bacteriological analysis.
Approximately 25 g of food was placed in 225 ml of Buffered Peptone Water (BPW) as pre-enrichment media, and incubated at 37°C for 18 hours. After incubation, 0.1ml of the BPW was added to Rappaport-Vasiliadis broth, an enrichment media, and incubated at 42°C for 18 hours. A swab of the broth was inoculated onto Hektoen selective media [15] .
Suspected colonies of Salmonella were inoculated in Urea Indole at 37°C for 2 to 4 hours, in Hajna Kligler at 37°C for 18 to 24 hours, and in ONPG disc for biochemical testing and presumptive identification. All isolates were identified biochemically by using the API20 E system (Biomerieux SA, Marcy-l'Etoile France).
Serotyping and phage typing
Strains were serotyped following the method of Kauffman [15] with commercial antisera (Biomerieux SA, France) for cell wall (O) and flagellar (H) antigen identification, and were confirmed at the Pasteur Institute, Bruxel, Belgium.
Phage typing was performed according to the recommendations of the Health Protection Agency Service (Colindale, UK) (16) in the Pasteur Institute, Brussels, Belgium.
Determination of Antimicrobial drug resistance
Antimicrobial susceptibility of the isolates was established by the disk diffusion assay with MH (Mueller-Hinton) agar in accordance with French National Antibiogram committee guidelines [10] . The disks used contained: amoxicillin, AMX 25 µg; furan, F 30 µg; ticarcillin, TIC 75 µg; cephalothin, CEF 30 µg; gentamicin, GEN 15 µg; tobramycin, TOB 10 µg; nalidixicacid, NAL 30 µg; norfloxacin, NOR 5 µg; ciprofloxacin,CIP 5µg; ceftazidime, CAZ 30 µg; amoxicillin-clavulanic acid, AMC 20+10 µg; amikacin, AMK 30 µg; cefoxitin, FOX 30 µg; cefotaxime, CTX 30 µg; and ampicillin, AMP 10µg. We used the Automated System (OSIRIS) for Reading and Interpreting results (Bio-Rad).
Macrorestriction analysis (PFGE)
Genomic DNA suitable for pulsed-field gel electrophoresis (PFGE) was prepared according to the PulseNet method (www.cdc.gov/pulsenet) and digested with the restriction endonuclease XbaI (New-England Biolab, Leudsen, Netherlands). Salmonella enterica serovar Braenderup H9812 was used as a size marker. Fingerprinting II (Informatix TM Software) (Bio-Rad) was used to compare the PFGE profiles [17] . The bands generated were analyzed by using the Dice coefficient and the unweighted pair group method with averages (UPGMA) using a tolerance of 1%.
ERIC-PCR analysis
Each isolate was also amplified by PCR using each of two primers for DNA repetitive sequences described by Versalovic: ERIC [Enterobacterial repetitive intergenic consensus; ERIC1 (5'-ATGTAAGCTCCTGGGGATTCAC-3') and ERIC2 (5'-AAGTAAGTACTGGGGTGAGCG-3')]. The PCR conditions were performed as described previously [18] . Amplicons were separated on (1.5 %) horizontal agarose gels, stained with ethidium bromide and visualized under UV light in the gel-doc system (BioRad, MuK nchen, Germany).
PCR for spv region and plasmid preparation
PCR was performed as described by Rubino [19] , using oligonucleotide sequences corresponding to the spvR gene of the S. Typhimurium virulence plasmid (spvR3 5'-CCCCGGGAATTCGCTGCAT AAGGTCAGAAGG-3' and spvR5-5'-CCCCGGGATCCATGGATTTCTTGATTAATAAA -3') that amplify a fragment of 890 bp. Amplification products were separated on (1.2%) horizontal agarose gels, stained with ethidium bromide and visualized under UV light in the gel-doc system (BioRad, MuK nchen, Germany).
Plasmid DNA was prepared by using a rapid procedure [20] in those strains that were spvR positive by the PCR assay. Plasmid sizes were determined using Escherichia coli V517 plasmids as standards [4] .
PCR for inv region
PCR was performed as described [21] by using oligonucleotide sequences corresponding to the INV (invasion gene) invA1 (5'-TGCCTACAAGCATGAAATGG-3') and invA2 (5'-AAACTGGACCACGGTGACAA-3') that amplify a fragment of 457 bp. Amplification products were separated on (1.5%) horizontal agarose gels, stained 
Results
Isolation and subtyping
Fifteen strains belonging to Salmonella Enteritidis were isolated and characterized. Of the 15 strains, (40%) and (60%) were from food and human origin respectively.
Drug resistance
The strains tested for antimicrobial resistance showed high rates of sensitivity to the 14 drugs tested. Resistance to furan, ticarcillin, ampicillin and amoxicillin was shown in 13.34% of the strains. All strains were susceptible to ciprofloxacin, norfloxacin, ceftazidime, amikacin, amoxicillin-clavulanic acid, cefoxitin, cefotaxime, tobramycin and cephalothin. One human isolate was sensitive to all drugs tested (table 1) .
Phage typing and plasmid profile
Among the 15 S. Enteritidis strains analyzed, three types of phage profile were seen ( Table 2 ). The human and food isolates fall into three distinct phage types, i.e., PT4, PT35, PT6a. One isolate was nontypeable. The PT4 represented the most prevalent lysotype with 40% for isolates of human origin and 33.34% for isolates of food origin. PT35 and PT6a occurred in 13.34% and 6.67% isolates respectively, and all originated from a food source. All human isolates belonged to PT4 phage type. Table 2 summarizes the relation between plasmid profiles, antibiotypes and lysotypes patterns of S. Enteritidis strains isolated. The majority of strains share the same plasmid profile with one band of approximately 7.2 K bp (data not shown). The two food strains that did not have any plasmids showed two different phage types. As Table 2 shows, some isolates had the same plasmid profile but different lysotypes and antibiotypes, as in case of patterns E and F. In contrast, others shared the same lysotypes and plasmid profiles but showed different antibiotypes, as in case of patterns A, B and C.
PFGE patterns
A total of four different profiles (arbitrarily designated as Xb1 to Xb4), with 11 to 14 bands ( Figure 1 ) in three clusters (Figure 2 ), were identified for the 15 strains. Most of the strains (66 %) belonged to PFGE pattern X1, which is the major subtype. Figure 2 shows that among the three clusters (A to C), A was represented by twelve strains, B by two strains, and C by only one strain. PT4 strains were mostly identified in cluster A (profiles 1 and 3) and cluster B (profile 2), while PT35 were identified in cluster C (profile 4). Clusters A and B showed (69.5%) similarity. Therefore, clusters A and B showed (67.5%) similarity with cluster C. One PT35 strain showing a single PFGE pattern (profile 4) was resistant to nalidixic acid.
Six different patterns were observed for the 15 strains (Figure 3) . Six isolates were grouped in one profile with five bands, and four isolates were grouped in one profile with six bands.
Occurrence of invA gene spvR
The invA and spvR products were approximately 472 bp and 890 bp respectively, as determined by gel agarose electrophoresis. The spvR gene was detected in only six strains of human source (Figure 4) detected in all the S. Enteritidis isolates (data not shown).
Discussion
Salmonellosis continues to be one of the major food-borne illnesses worldwide [22] . The predominant serotypes change over time and differ from one geographical area to another. All over the world, as well as in our country, the most often isolated serotype is S. Enteritidis [23] , so detailed information about this pathogen using molecularbased methods is especially valuable.
The increase in antimicrobial resistance in Salmonella isolated from humans and animals in different parts of the world may indicate an epidemic spread of resistant or multi-resistant strains [24] .
Recent studies indicate that most of the S. Enteritidis strains are susceptible to a wide range of antimicrobial agents [25] . In our study, high percentages of susceptibility were found for all 14 drugs. Compared to our findings, higher percentages of resistance to nalidixic acid (31 %) but lower resistance to gentamicin (1 %) were found by Cruchaga et al., [24] in S. Enteritidis isolates from humans in Spain 1998. Lower percentages of resistance for gentamicin (0-1%) and nalidixic acid (2-4%) were also found by Breuil et al. [26] in S. Enteritidis isolated from human and animal samples analyzed in 1994 and 1997 in France. Dendrogram showing the PFGE analysis of XbaI-digested genomic DNA from phages S. Enteritidis strains. Similarity analysis was performed using the Dice coefficient, and clustering was by UPGMA.
Phage typing, resistance typing and plasmid profile analysis are methods used in epidemiological studies of strains. Although phage typing has been used primarily for the epidemiological study of Salmonella, it is of little use in places where a small number of phage types predominates. Therefore, investigation of the antimicrobial susceptibilities, the characteristics of resistant strains, and the molecular epidemiology of the strains is more significant [27] .
Studies from different parts of the world support the hypothesis that there is a clonal relationship between different S. Enteritidis phage types. PT4 is known to be the most common PT in England, Germany, Italy, and Japan [28] . PT4 remains the most frequent phage type isolated in Spain, followed by PT6 and PT1. PT8 is not as common in Spain as it is in Denmark or England [29] . In developing countries, as in Morocco, little information about Salmonella is available. These data are in accordance with our findings that PT4 was the predominant phage type.
The development of a phage typing scheme for S. Enteritidis has provided an invaluable means of differentiating strains of these serovars and proved particularly useful for epidemiological studies. However, phage typing becomes inadequate as a typing method when one particular type becomes dominant. As experienced in the current study, a similar observation was also reported by Powell [30] .
Plasmid analysis was one of the first methods of molecular biology applied to the characterization of epidemic strains [31] . Nevertheless, in our study, the same plasmid profile was related to different antimicrobial resistance profiles and vice versa. However, the mobile character and appearance of a single plasmid in different strains, such as reported in the current study, might represent a limitation to the use of plasmid analysis in epidemiological investigations [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Our results, however, showed that there is no correlation between plasmid profiles and susceptibility data.
ERIC-PCR has been found useful for the typing of outbreak and sporadic Salmonella isolates. ERIC-PCR revealed that the 15 strains of S. Enteritidis isolated showed six different genotypic profiles. Kumao et al. concluded that ERIC-PCR is a useful technique for intraserotypic typing of Salmonella and recommends using it for first-line detection of strains from epidemics [32-33-34] . Similarly, ERIC-PCR showed a higher discriminatory power compared to the other techniques used in this study.
Genomic macrorestriction fragment length analysis by PFGE is now a widely used molecular tool for the subtyping of Salmonella spp. Only XbaI was used in this study, as it is a more discriminative and cheaper reagent, and it has been shown to be a useful restriction enzyme for Salmonella spp [35] .
However, strains with different PFGE types may share the same phage type, and strains of different phage types may generate the same PFGE pattern. Pulsotype X4 is represented in this study by one member. It is possible, however, that many pulsotypes containing one member are due to the acquisition of mobile genetic elements, either temperate phages or plasmids. Furthermore, new sets of genes could be acquired by transduction, transposition, transformation or lysogenization with phage [36] . These data are in accordance with our findings. The study showed, interestingly, that isolates of the same PT produced different PFGE patterns, and that the strains of different phage types had the same PFGE pattern For XbaI digested DNA, most of the strains belonged to the PFGE pattern X1 (10/15) and to the association X1/ PT4. Since the PFGE method has been shown to be highly discriminatory for subtyping of Salmonella spp including S. Enteritidis [41, 42] , strains with the same PFGE/phage type patterns, such as pattern X1/PT4, are likely to be closely related.
The majority of Salmonella virulence genes are clustered in chromosomal regions called Salmonella pathogenicity islands. The investigation using PCR for the presence of invA gene in this study demonstrated its presence in all S. Enteritidis isolates. Other studies have reported a similar result [19] , which was expected since the invA is an invasion gene conserved among Salmonella serotypes. This finding was consistent with reports [43] that established the presence of invA gene in all Salmonella irrespective of serovar or source.
The gene harbored on a large virulence plasmid, including the virulence-associated locus termed spv, might play a role in the multiplication of intracellular Salmonella. The spvR region was detected in only six strains of isolates from humans that were not harboring the plasmid of 90k. This observation suggests that the amplified genes were of chromosomal origin. In fact, the presence of the virulence gene spvR in Salmonella strains, which does not have plasmid DNA, suggests that the plasmid had integrated into the chromosome.
The gene spvR targeted in our study codes for a regulatory protein essential for the expression of the other spv genes; thus we can speculate that those isolates presenting this gene might be more capable of causing systemic infection [44] . The finding that spvR gene was associated with PT4 lysotype is of interest. This finding has important implications for comparative studies of the virulence within Salmonella serovars in Morocco.
In conclusion, to our knowledge, this is the first study on molecular characterization of S. Enteritidis from food and human samples. We observed that antibiotyping and phage typing remain valuable for use in the investigation of S. Enteritidis in Morocco. In addition, ERIC-PCR typing seems to be more discriminatory and well adapted to situations in which a rapid comparison of bacterial strains is needed.
